In this proceedings contribution, we will review the basics of quasiparticle anisotropic hydrodynamics. Then, we will present some recent phenomenological results of 3+1d quasiparticle anisotropic hydrodynamics and Pb-Pb 2.76 TeV collisions from the ALICE collaboration. We show that 3+1d quasiparticle anisotropic hydrodynamics model is able to describe the experimental results for Pb-Pb collisions at 2.76 TeV quite well for many observables such as the spectra, the elliptic flow, and HBT radii in many centrality classes.
Introduction
The quark-gluon plasma (QGP) can be created and studied using heavy-ion collision experiments at the Relativistic Heavy Ion Collider (RHIC) and Large Hadron Collider (LHC). Their results show that in a broad energy range the collective behavior of the created QGP may be described within ideal or, even more precisely, with viscous relativistic hydrodynamics. [1, 2, 3, 4] . However, to properly account for the high-momentum anisotropies that exists in the QGP, anisotropic hydrodynamics was introduced [5, 6, 7, 8, 9, 10, 11] . In the recent few years, there have been many theoretical advancements in anisotropic hydrodynamics, but with limited phenomenological comparisons. Earlier this year, we were able to present some phenomenological comparisons using non-conformal anisotropic hydrodynamics. For recent reviews about anisotropic hydrodynamics, we refer the reader to [12, 13] .
In this proceedings contribution, we will introduce anisotropic hydrodynamics and then focus on a specific approache, quasiparticle anisotropic hydrodynamics. In quasiparticle anisotropic hydrodynamics, one introduces a single finite-temperature dependent quasiparticle mass. This thermal mass can be determined using the realistic equation of state (EoS) which is provided by lattice measurements. Then, by some modification on the conformal EoS formalism of anisotropic hydrodynamics [10, 14] one can make a self-consistent non-conformal framework called quasiparticle anisotropic hydrodynamics (aHydroQP). As usual, the dynamical equations are obtained by taking moments of the Boltzmann equation with the appropriate bulk variables for the quasiparticles. After obtaining the dynamical equations, we present some phenomenological comparisons between aHydroQP and ALICE collaboration data for a few observables.
Anisotropic hydrodynamics
In anisotropic hydrodynamics, one assumes the one-particle distribution function to be of the form
where λ is the scale parameter which can be identified with the temperature in the isotropic equilibrium limit and ξ µν is the anisotropy tensor [10]
where u µ is the fluid four-velocity, ξ µν is a symmetric and traceless anisotropy tensor, and Φ is the degree of freedom associated with the bulk pressure since our system in this case is non-conformal. Within leading-order anisotropic hydrodynamics considered here one assumes δ f = 0, thus we ignore δ f contributions. We also assume ξ µν to be diagonal since the off-diagonal elements of ξ µν are small [12] . In the local rest frame the distribution function in Eq. (2.1) takes the following compact form
3) (1/2πp T ) dN/dp Figure 1 : Transverse momentum spectra of π ± , K ± , and p +p in 0-5% and 20-30% centrality classes as shown in each panel. Solid lines are aHydroQP predictions and data are taken from [21] .
where i ∈ {x, y, z} and α i ≡ (1 + ξ i + Φ) −1/2 . We note that by taking α x = α y = α z = 1 and λ = T one recovers the isotropic equilibrium distribution function which, in the classical case, is given by f eq (T ) = exp(−E/T ).
Quasiparticle anisotropic hydrodynamics (aHydroQP)
In this approach, in order to take into account the non-conformality of the QGP, we assume that the QGP can be described as an ensemble of massive quasiparticles with a single temperaturedependent mass m(T ). Since lattice QCD results [15] provide us with the equilibrium energy density and pressure one may use the following thermodynamic identity to find m(T )
withm eq = m/T . Since we will have extra terms generated by the gradients of the mass, we need to add a background field to the energy-momentum tensor to ensure thermodynamic consistency. In this case, the energy momentum tensor is defined by
where B eq is the equilibrium background field which can be easily determined by integrating the following equation [16] 
We refer the reader to [16, 17, 18, 19, 20] for more details about aHydroQP framework.
3+1d quasiparticle anisotropic hydrodynamics
Next, we turn to our quasiparticle anisotropic hydrodynamics dynamical equations for 3+1d relativistic massive quasiparticle systems. To obtain the dynamical equations, one takes moments of the Boltzmann equation for particles with masses which depend on the local environment, e.g. the temperature [16] Centrality (%) where f (x, p) is the anisotropic distribution function specified in Eq. (2.3) and C[ f (x, p)] is the collisional kernel. As we can see in the Boltzmann equation, the second term on the left-hand side corresponds to the gradients of the mass since it is a function of temperature and T is a function of space-time. In practice, it suffices to take the lower-order moments, i.e., zeroth, first, and second moments to obtain the dynamical equations
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where J µ , T µν , and I µνλ are the particle four-current, the energy-momentum tensor, and the rankthree tensor, respectively, defined by
with B(α α α, λ ) being the non-equilibrium background field which can be found requiring thermodynamic consistency similar to the equilibrium case by this differential equation
Below we will list the dynamical equations in 3+1d aHydroQP. Taking the projections of the energy momentum tensor u ν ∂ µ T µν , X ν ∂ µ T µν , Y ν ∂ µ T µν , and Z ν ∂ µ T µν one gets the following four equations
10)
where
and θ z = ∂ µ Z µ . Another three equations are obtained from the diagonal projections of the second moment, i,e., X ν X λ ∂ µ I µνλ , Y ν Y λ ∂ µ I µνλ , and Z ν Z λ ∂ µ I µνλ
14)
Finally, one can use the matching condition to get the last equation which relates the scale parameter λ and the effective temperature T ε kinetic (λ ) = ε kinetic,eq (T ) . For the definitions of I u , I i , I eq , one can refer to Ref. [16] .
Phenomenological results
We now turn to the phenomenological results. We show comparisons between 3+1d quasiparticle anisotropic hydrodynamics and the experimental data from ALICE collaboration for 2.76 The femtoscopic Hanbury-Brown-Twiss (HBT) radii as a function of the pair mean transverse momentum for π + π + is shown for 10-20% centrality class. In the top row, the left, middle, right panels show R out , R side , and R long respectively. In the bottom row, the left, middle, right panels show R out /R side , R out /R long , and R side /R long respectively. All results are for 2.76 TeV Pb+Pb collisions where data shown are for π ± π ± combined from the ALICE collaboration [26] .
TeV Pb+Pb collisions. For more comparisons, see Refs. [19, 20] . In this model we assumed that η/s = const, we used smooth Glauber initial conditions, and we used isotropic initial conditions α i (τ = 0) = 1. To perform the hadronic freeze-out we used a customized version of THERMI-NATOR 2 [25] . Let us start by showing the spectra of pions, kaons, and protons as a function of the transverse momentum p T in Fig. 1 . In this figure, we show the spectra in 0-5% and 20-30% centrality classes. As can be seen from Fig. 1 , our model provides a good description of the spectra and shows the mass splitting between different hadron species. Next, in Fig. 2 -a, the average transverse momentum as a function of centrality is shown where aHydroQP agrees with the data quite well. In Fig. 2-b , we show the multiplicity as a function of pseudorapidity in four centrality classes as shown in the figure. As we can see from this figure, aHydroQP describes the multiplicity very well compared with experimental data. We next show the identified elliptic flow as a function of p T in two different centrality classes 20-30% and 30-40% in Fig. 3 . As can be seen from this figure, our model shows a good agreement with experimental results up to p T ∼ 1.5 GeV. Finally, in the top row and bottom row of Fig. 4 , we show comparisons of HBT radii R out , R side , and R long and HBT radii ratios R out /R side , R out /R long , and R side /R long , respectively, as a function of the average transverse momentum. For results of other centrality classes see Ref. [20] . As can be seen from this figure, aHydroQP predictions are in a good agreement with the experimental data.
Finally, we would like to list the extracted fitting parameters that we used in these comparisons which are T 0 (τ 0 = 0.25 fm/c) = 600 MeV, η/s = 0.159, and T FO = 130 MeV. In Fig. 5 , we show the bulk viscosity predicted by our model aHydroQP compared with other two models: Bayesian We show the temperature dependence of the bulk viscosity scaled by the entropy density (ζ /S) obtained using quasiparticle anisotropic hydrodynamics (solid-black line). For sake of comparison, we show some other model predictions: Bayesian analysis [27] , and black hole engineering [28] .
analysis and black hole engineering where they all have good agreement "magnitude wise". We note here that we used η/s = 0.159 in this plot.
Conclusions and outlook
In this proceedings contribution, we showed how one can derive the dynamical equations of 3+1d quasiparticle anisotropic hydrodynamics. And how one can enforce thermodynamic consistency using the quasiparticle description in kinetic theory approaches (anisotropic hydrodynamics was an example here). We next showed some experimental comparisons with ALICE collaboration data and listed our fitting parameters extracted from fits to ALICE experimental data. Then we showed some observables like the spectra, the mean transverse momentum as a function of centrality, the elliptic flow as a function of the mean transverse momentum, and HBT radii. In most observables, our model (aHydroQP) was able to describe the data quite well with only a few fit parameters.
Looking to the future, we are working on a few improvements to our model. For example, we are working on including temperature-dependent shear viscosity to entropy density ratio, i.e., η/s(T ). We are also planning to compare with RHIC highest energies in the near future. Moreover, we are setting up the pipeline for using fluctuating initial conditions in our code.
